Introduction
============

The incidence of colorectal cancer (CRC) in Korea has markedly increased in recent years. According to a report of the Korea Central Cancer Registry in 2014, CRC is the third most common type of cancer in both men and women. CRC accounts for 14.3% of 10 major cancers in Korean men (44 patients per 100,000 subjects) and 10.4% of 10 major cancers in Korean women (24 patients per 100,000 subjects) \[[@b1-ce-2018-010]\]. This indicates that the incidence of CRC in Korea is comparable to that in Western countries. In Korea, mortality rates for CRC in 2015 were 9.9% in men, representing the fourth most common cause of cancer-related death, and 12.3% in women, the second most common cause of cancer-related death \[[@b1-ce-2018-010]\].

Most CRC arises from adenomatous polyps that progress from small to large size and then to cancer. The slow transition from polyp to CRC in most patients allows opportunities to prevent development of CRC and CRC-related death by removing precancerous lesions. Many countries have started CRC screening programs; however, screening modalities and strategies differ among countries \[[@b2-ce-2018-010]-[@b4-ce-2018-010]\]. In Korea, the National Cancer Screening Program (NCSP) for CRC provides a single annual fecal occult blood test (FOBT) for adults aged ≥50 years, with secondary confirmatory colonoscopy for those with positive FOBT results since 2004 \[[@b5-ce-2018-010],[@b6-ce-2018-010]\]. FOBT is a more efficient modality for population-based screening owing to greater preference, convenience, low risk, and low cost \[[@b4-ce-2018-010],[@b7-ce-2018-010]\]. Meanwhile, the advantages of screening colonoscopy include visualization of the entire colon, removal of precancerous or early CRCs in a single step, and longer screening intervals of up to 5--10 years \[[@b8-ce-2018-010],[@b9-ce-2018-010]\]. Because of these advantages, the preference for colonoscopy as a population-based CRC screening tool has continued to increase. Several Western countries such as Austria, Germany, and Poland use colonoscopy in population-based screening \[[@b10-ce-2018-010]-[@b12-ce-2018-010]\]. Therefore, the adoption of colonoscopy as a population-based screening tool has been advocated in Korea \[[@b13-ce-2018-010]\].

In this context, we reviewed the benefits and harms of population-based colonoscopy screening and discuss the prerequisites for screening in Korea.

BENEFITS OF SCREENING COLONOSCOPY
=================================

Several studies have evaluated the effectiveness of screening colonoscopy in average risk individuals. Until now, indirect data have been derived from observational or cohort studies. Case-control studies have demonstrated reductions in CRC incidence of up to 70% after initial screening colonoscopy \[[@b14-ce-2018-010],[@b15-ce-2018-010]\], and a cohort study found a 76% to 90% reduction in CRC incidence after polypectomy \[[@b11-ce-2018-010]\]. A meta-analysis of six observational studies of colonoscopy suggested a 40% to 60% reduction in CRC incidence \[[@b16-ce-2018-010]\]. A cohort study found that a history of a screening colonoscopy greatly reduced the risk of CRC incidence (adjusted odds ratio 0.09) \[[@b17-ce-2018-010]\]. A population-based case-control study reported 30% reduction in CRC-related mortality \[[@b18-ce-2018-010]\]. In addition, there was a 53% reduction in CRC mortality in patients who underwent polypectomy for adenomas compared to that in the general population \[[@b16-ce-2018-010]\]. Cohort studies showed that colonoscopy and polypectomy reduced CRC-related mortality by approximately 65% \[[@b19-ce-2018-010]\]. These non-randomized case-control and cohort studies in average-risk population have consistently demonstrated a reduction in CRC incidence and mortality. However, no published randomized trials have demonstrated the effectiveness of colonoscopy by preventing CRC development and reducing mortality.

Furthermore, the benefits of colonoscopy should be cautiously interpreted, because major evidence of benefits was based on secondary colonoscopic examinations for subjects with a positive FOBT or abnormal sigmoidoscopy \[[@b20-ce-2018-010]\], and these studies may be biased by potentially confounding variables. In addition, the mortality reduction from colonoscopy may not be significantly different from that of FOBT or sigmoidoscopy, since the efficacy of screening must be compared with consideration of participation rates and the convenience of each screening test. For example, in a randomized, controlled trial performed in Spain \[[@b10-ce-2018-010]\], subjects in the FOBT group were more likely to participate in screening than were those in the colonoscopy group (34.2% for FOBT vs. 24.6% for colonoscopy, *p*\<0.001). As a result, the number of subjects in whom CRC was detected was similar in the FOBT and colonoscopy groups (0.1% in the FOBT group vs. 0.1% in the colonoscopy group, *p*=0.99). Since the primary outcome of this trial is the reduction in the mortality rate from CRC at 10 years, the relative benefits and risks of the two strategies will be assessed at the end of the trial. However, the most relevant result of this interim analysis is that one-time FOBT screening is very similar to one-time colonoscopy with respect to the CRC detection rate, with no significant difference in the stage of tumors detected by the two strategies. In another study from the USA \[[@b21-ce-2018-010]\], participants who were recommended to have colonoscopy completed screening at a significantly lower rate (38%) than those who were recommended to have FOBT (67%) (*p*\<0.001), or those given a choice between FOBT or colonoscopy (69%) (*p*\<0.001). These results suggest that patient preferences should be considered for CRC screening recommendations. In a USA study comparing the effectiveness of FOBT outreach and colonoscopy outreach to increase screening participation \[[@b7-ce-2018-010]\], rates were higher with mailed FOBT outreach (58.8%) and mailed colonoscopy outreach (42.4%) than with usual care using opportunistic visit-based screening (29.6%) (*p*\<0.001 for both). In this study, FOBT-based outreach was found to be more effective than colonoscopy-based outreach to increase one-time screening participation; however, the effectiveness of outreach strategies for promoting completion of the entire screening process may be different in Korea. FOBT, sigmoidoscopy, and colonoscopy ultimately had similar (20%--25%) effectiveness in reducing CRC mortality, with 59%--90% adherence and 25%--37% CRC mortality reduction for FOBT \[[@b22-ce-2018-010]-[@b24-ce-2018-010]\], 32%--65% adherence and 43%--59% CRC mortality reduction for sigmoidoscopy \[[@b25-ce-2018-010]-[@b27-ce-2018-010]\], and 10%--60% adherence and 65%--69% CRC mortality reduction for colonoscopy \[[@b14-ce-2018-010],[@b19-ce-2018-010],[@b28-ce-2018-010],[@b29-ce-2018-010]\]. Finally, health-conscious individuals may be more likely to undergo screening colonoscopy in case-control studies, leading to overestimation of the beneficial effect of screening colonoscopy in observational studies. Therefore, the efficacy of primary colonoscopy screening can only be estimated by a randomized controlled study, which is similar to a population-based study. Since 2009, three large randomized controlled trials have been evaluating the effectiveness of screening colonoscopy for reduction of CRC incidence and mortality in the USA and Europe, and it is expected that the results will be available in the 2020s \[[@b10-ce-2018-010],[@b30-ce-2018-010],[@b31-ce-2018-010]\]. Two trials are comparing the effect of onetime screening colonoscopy and FOBT annually or biennially \[[@b10-ce-2018-010],[@b30-ce-2018-010]\], while a Nordic-European trial is comparing the effect of screening colonoscopy versus no screening \[[@b31-ce-2018-010]\].

SAFETY OF SCREENING COLONOSCOPY
===============================

Focus on the safety of screening colonoscopy is essential. Although most authors concluded that colonoscopy is a safe procedure, data on the complication rate in population-based screening colonoscopy are limited. Most previous studies were analyzed based on a small number of patients or a large sample of administrative data, which may frequently lack detail and can be less appropriate for identification of complications \[[@b32-ce-2018-010]\]. Furthermore, because colonoscopic complication rates are very low (about 0.1%), a five-fold increase in complication rates would require a sample size of more than 5,000 to demonstrate a significant difference with a statistical power of 80%. Therefore, the risk of screening colonoscopy in the literature may be underpowered due to a small sample size. Harmful effects of colonoscopy screening programs include complications induced by colonoscopy itself, followed by those due to therapeutic procedures, sedation, psychosocial distress, potential over-diagnosis, and national socioeconomic burden. Colonoscopy is an invasive tool with an appreciable rate of various complications. In a recent published systematic review, the overall risk of major bleeding after colonoscopy was 0.8/1,000 and that of perforation was 0.07/1,000 \[[@b33-ce-2018-010]\]. Other complications from colonoscopy include cardiovascular events, postpolypectomy syndrome, vasovagal reactions, and abdominal pain or discomfort \[[@b33-ce-2018-010]\]. In the National Endoscopic Database from the USA, serious events occurred in 3.4/1,000 patients within 30 days of screening and surveillance colonoscopy \[[@b34-ce-2018-010]\]. In this study, gastrointestinal bleeding requiring hospitalization occurred in 1.59/1,000 examinations, perforations occurred in 0.19/1,000, and postpolypectomy syndrome in 0.09/1,000, with complications directly related to colonoscopy in 2.01/1,000. Serious bleeding was reported 1.2/1,000 patients aged 50--69 years in a population-based trial \[[@b10-ce-2018-010]\] and 1.5/1,000 patients aged 55--64 years in the interim report of the Nordic-European initiative on CRC (NordICC) study \[[@b35-ce-2018-010]\]. In addition, perforation was observed in 1/1,000 examinations, bleeding owing to polypectomy in 1.4/1,000 (0.14%), and postpolypectomy syndrome in 2/1,000 in the NordICC study. It is very important to note that the rate of major complication was somewhat higher in the NordICC study, because this was a randomized clinical trial comparing colonoscopy screening or no screening in a population-based screening setting. This means that the rate of major complications may be higher than previously anticipated in population-based colonoscopy screening, as colonoscopists of variable quality may perform examinations in a real world setting.

Elderly patients should be carefully considered for screening colonoscopy as the risks may increase with age and comorbidity. The rate of serious adverse gastrointestinal events in patients older than 65 years in the USA was 7/1,000 patients \[[@b36-ce-2018-010]\], and the rate of unplanned hospital visits within 7 days was 16.3/1,000 colonoscopies in the USA \[[@b37-ce-2018-010]\]. In an age-matched analysis among those 66--69 years old, the rate of serious gastrointestinal events within 30 days of outpatient colonoscopy was significantly high at 5/1,000 (3.8--6.2/1,000 examinations), compared with 1.3/1,000 (0.9--1.7/1,000) after outpatient clinic in a non-colonoscopy group \[[@b36-ce-2018-010]\]. In a systematic review and meta-analysis of adverse events among those undergoing colonoscopy, cumulative gastrointestinal adverse events occurred in 26/1,000 examinations (including bleeding in 6.3/1,000 and perforation in 1/1,000), cardiovascular and pulmonary adverse events in 19.1/1,000, and mortality in 1/1,000 examinations in patients aged 65--79 years \[[@b38-ce-2018-010]\]. As patients older than 65 years of age had a higher risk of complications during and after colonoscopy, population-based screening should consider the potential for harm in elderly patients. For the planning of a population-based colonoscopy screening program, the risk and benefit balance should be tailored to individual participants, based on age and comorbidity. The increasing number of screening colonoscopies could lead to a dramatic increase in complications associated with CRC screening, especially in elderly patients.

QUALITY OF SCREENING COLONOSCOPY
================================

Another issue is the quality of screening colonoscopy. Although colonoscopy effectively detects colorectal neoplasms and is even used to resect lesions, it is not a perfect modality, as demonstrated in studies based on tandem colonoscopy and computed tomographic colonography \[[@b39-ce-2018-010],[@b40-ce-2018-010]\]. Colonoscopy misses 6% to 12% of adenomas 1 cm or larger \[[@b40-ce-2018-010],[@b41-ce-2018-010]\], 11% of advanced adenomas \[[@b42-ce-2018-010]\], and 5% of cancers \[[@b41-ce-2018-010],[@b43-ce-2018-010]\]. The overall miss rate for polyps of any size was 22% \[[@b44-ce-2018-010]\], and the miss rate for adenomas was 17.7% to 24.1% in a Korean study \[[@b45-ce-2018-010],[@b46-ce-2018-010]\]. Therefore, qualified colonoscopy is essential to decrease the miss rate. In a recent study with 223,842 patients undergoing 264,792 colonoscopies by 136 gastroenterologists, each 1% increase in adenoma detection rate (ADR) led the risk of interval CRC to 3% decrease and that of fatal interval CRC to 5% decrease \[[@b47-ce-2018-010]\]. In this study, patients of physicians in the highest ADR quintile had an adjusted risk of interval cancer of 0.52 (95% confidence interval, 0.39--0.69) compared with patients of physicians in the lowest ADR quintile \[[@b47-ce-2018-010]\]. As the main purpose of a nationwide CRC screening program is to enhance early detection and reduce mortality, the effectiveness of screening is dependent upon the quality of baseline colonoscopy. A major finding of the NordICC study was that colonoscopy performance differed significantly among endoscopists; recommended benchmarks for cecal intubation (95%) and adenoma detection (25%) were not met by 17.1% and 28.6%, respectively \[[@b35-ce-2018-010]\]. In a population-based study from the Ontario cancer registry in Canada, 2% to 6% of CRCs were new or missed cancers (post-colonoscopy CRC \[PCCRC\]) detected within 6--36 months after colonoscopy \[[@b48-ce-2018-010]\]. In this study, colonoscopy performed by an internist or family physician or in a primary clinic was an independent risk factor for PCCRC. These population-based studies demonstrate a wide gap in quality among colonoscopists in real-world practice. A recent study also found that the sensitivity of colonoscopy for detecting adenomas and carcinomas is dependent on the experience and technique of the colonoscopist \[[@b44-ce-2018-010]\].

A large Canadian registry study \[[@b49-ce-2018-010]\] showed that the endoscopist's specialty remained a significant predictor of missed cancers despite adjustment for procedural volume, indicating that even non-gastroenterologists with a high volume of procedures continue to miss more CRCs than gastroenterologists. Rabeneck et al. \[[@b50-ce-2018-010]\] also showed that non-gastroenterologists had a significantly higher rate of missed cancers than gastroenterologists, independent of procedural volume. There was also emerging evidence of a link between the endoscopist's specialty and colonoscopy quality in NCSP of Korea \[[@b51-ce-2018-010]\]. No association between colonoscopy volume and missed caner may indicate that formal endoscopic training generally leads to competency in colonoscopy, contrasted with providers not receiving formal training who are unable to achieve competence despite the volume of procedures they perform \[[@b49-ce-2018-010]-[@b51-ce-2018-010]\]. For the success of population-based screening colonoscopy by minimizing the variation of quality between colonoscopists, adequate training and provider education for screening colonoscopists should be the first step in population-based colonoscopy screening.

To improve the performance of screening colonoscopy, documentation of quality indicators in population-based screening colonoscopy is essential \[[@b52-ce-2018-010]\]. Quality indicators from US included informed consent, ≥97% cecal intubation rates, ≥85% adequate bowel preparation, ≥25% ADR (for men ≥30% ADR, for women ≥20% ADR), ≥6 minutes average withdrawal time, and optimal level of complications (\<1/1,000 perforation and \<1% post-polypectomy bleeding). It was reported that effort to obey withdrawal time of at least more than 6 minutes may be in correction performance of colonoscopists with subminimum ADRs \[[@b53-ce-2018-010]\]. For the delivery of colonoscopy within the United Kingdom, key performance indicators should be aimed for all endoscopists \[[@b17-ce-2018-010]\]. Key performance indicators included ≥97% unadjusted cecal intubation rates (minimum 90%), ≥40% ADR (minimum 35%), ≥95% adequate bowel preparation (minimum 90%), ≥10 min mean withdrawal time (minimum 6 min), ≥95% polyp retrieval rate (minimum 90%), \<1/1,000 perforation, \<1% post-polypectomy bleeding and 100% recording of comfort scores \[[@b17-ce-2018-010]\]. As already demonstrated in NordICC study, suboptimal colonoscopy quality is a major pitfall in population-based colonoscopy screening. The ongoing NordICC study would demonstrate these influences on long-term outcomes of screening colonoscopy for the next decade \[[@b31-ce-2018-010],[@b35-ce-2018-010]\].

COMPLIANCE OF SCREENING COLONOSCOPY
===================================

Even though FOBT is a relatively simple, cheap and non-invasive tool, compliance with annual FOBT is below expectations. In a meta-analysis of prospective study for CRC screening, the overall participation rate for FOBT was only 42% \[[@b54-ce-2018-010]\]. In an NCSP of Korea, FOBT participation rates were increased from approximately 20% in 2004 to 55% in 2016. It was wellknown that adherence to colonoscopy was commonly lower than for other screening tools. In a randomized clinical trial of competing strategies of CRC screening, 38% participation of colonoscopy screening was significantly lower than 67% participation of FOBT screening \[[@b21-ce-2018-010]\]. In a randomized controlled trial comparing one-time colonoscopy with biannual FOBT in Spain, the rate of participation was only 24.6% in the colonoscopy group, compared with 34.2% in the FOBT group (*p*\<0.001) \[[@b10-ce-2018-010]\]. In a recent German population-based case-control study \[[@b17-ce-2018-010]\], only 1.7% of the patients with CRC underwent screening colonoscopy versus 12% of the patients without CRC. In a meta-analysis of prospective CRC screening studies of unselected populations \[[@b54-ce-2018-010]\], the overall participation rates for colonoscopy was only 28%, compared with 42% for FOBT. In a survey from Korea, colonoscopy was preferred to FOBT at a ratio of 2.2:1 (68.7% vs. 31.3%) for a primary CRC screening test by NCSP participants, however, it was limited as it was based on survey rather than clinical trial \[[@b13-ce-2018-010]\]. The adoption of screening colonoscopy should be based on patient preference about screening methods, socioeconomic considerations, the current capacity to perform colonoscopy in each country, and its efficacy at preventing CRC. For the success of population-based colonoscopy screening, therefore, comprehensive information should be provided systematically to participants and subsequently result in enhancing participation rate to maximize the impact of national screening program.

CURRENT ISSUES IN KOREA
=======================

Performance of colonoscopy may be influenced by the endoscopist's specialty \[[@b44-ce-2018-010],[@b48-ce-2018-010]\], however, no barrier exits for the performance of colonoscopy in the NCSP in Korea. Therefore, there is wide variation in performance level, experience level, and quality level among colonoscopists participating in the NCSP in Korea. Thus, quality improvement of screening colonoscopy is indeed an overarching theme in nationwide population-based colonoscopy screening in Korea. The volume of colonoscopy screening may be much improved by monitoring of key quality indicators, as it is known that quality feedback, with quarterly report cards, audits, external review, and video recordings could stimulate improvement in colonoscopy performance \[[@b55-ce-2018-010],[@b56-ce-2018-010]\]. Therefore, a nationwide registry system for screening colonoscopy should be developed and monitored. In Korea, however, there is no monitoring system and no standard protocol on how to manage complications, ranging from mild (such as abdominal discomfort or pain) to serious (such as perforation or even death), during or after colonoscopy. As the balance of benefits and risks of colonoscopy screening may be changed with use of different definitions of complications, population-based screening should not minimize the risk by including all possible adverse events. For example, adverse events should include gastrointestinal, cardiovascular, and pulmonary adverse events associated with colonoscopy as well as sedation, and should also include adverse events associated with bowel preparation and socioeconomic loss from absenteeism. There has been no discussion or consensus on accountability for these adverse events, even for death, that may occur in healthy participants during screening colonoscopy. As the risk may offset the benefit, adverse events associated with colonoscopy screening should be properly managed and monitored.

CONCLUSIONS
===========

To adopt population-based colonoscopy screening, consensus on the risks and benefits should be developed, focusing on potential harm, patient preference, socioeconomic considerations, and quality improvement of colonoscopy, as well as efficacy for CRC prevention. Ongoing randomized controlled trials may resolve these issues of colonoscopy screening; however, further research is needed, focusing on population-based colonoscopy screening in Korea. Gastroenterologists should promote quality improvement, auditing, and training for population-based colonoscopy screening.
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